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Digital Sensor 

[00011 This application is a continuation of pending International 
Patent Application No. PCT/SE03/00166 filed on January 31. 2003, which 
designates the United States and claims priority of pending Swedish 
Application Nos. 0200330-9 filed on February 6, 2002 and 0200591-6 filed on 
February 28, 2002. 

Fiplri Of The Invention 

[0002] The present invention refers to a digital sensor for monitoring 
the wear of lining material of a disc brake. The invention is primarily 
developed for disc brakes for heavy duty road vehicles, but a person skilled in 
the art realizes that it may be used for any kind of vehicle. The sensor 
element is intended for use at both pneumatically and electromechanical^ 
actuated brakes. 

Prior Art 

[0003] Digital sensors transform a continuously varying value to a 
quantified value. Many digital sensors use different types of codes, by which 
the measured value is represented by a certain code. The codes may be 
given in many different ways, e.g. by different light or dark parts, or by holes 
or no holes, which are read by an optical sensor. The codes may also be 
given by the presence or no presence of magnets, the direction of a magnetic 
field etc. read by any type of magnetic sensor, e.g. a hall effect sensor or a 
magnetoresistive sensor. 
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10004] Several different types of indicators or sensors for monitoring 
the wear of the brake lining of a brake pad or the like are known. In principal 
the known sensors operate in two different ways for monitoring wear of brake 
linings The first way is to use a sensor that measures directly on the brake 
iining The second way is to use a sensor that monitors the position or 
movement of a part indicative of the wear of the brake linings. The present 
invention concerns a sensor element monitoring the position of a part, 
indicative of the wear of the brake linings. 

[00 05] Disc brakes are generally of two different types, which are 
referred to as disc brakes having a fixed caliper or a floating caliper. The 
present invention is applicable for both the above types of disc brakes. 

[0006] The sensor according to the present invention is to be applied 
to the end of an adjustment shaft. The adjustment shaft is a part of an 
adjustment mechanism, used to control the position of the brake pads ,n 
relation to the brake disc(s), as is well known in the art. As the lining of the 
brake pads wear off, the position of the brake pads in relation to the brake 
disc(s) is automatically adjusted, by means of the adjustment mechan.sm. 
Hereby the distance between the lining material and the brake disc(s) is kept 
more or less constant. The amount of rotation of the adjustment shaft » 
correlated to the distance the adjuster mechanism advances the brake pads 
towards the brake disc(s). Thus, the rotation of the adjustment shaft is an 
indicator of the wear of the brake pads of the disc brake. 

[0007] When worn brake pads are to be replaced by new brake pads, 
the adjustment mechanism, and thus, the adjustment shaft, is brought back to 
a starting position. This is done to give room for the new thicker brake pads. 
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Qnmmar y nf the Invention 

[0008] One object of the present invention is that the sensor should 
be relatively compact. 

[0009] Another object of the present invention is that the sensor 
should be relatively easy to mount at different types and makes of brakes. It 
should also be possible to retrofit on brakes already mounted in vehicles. 

[00010] A further object is that the sensor shall be relatively cheap to 
produce. Furthermore, the sensor should preferably be placed in a position in ' 
which the high temperatures generated during braking will have minimal effect 
on the sensor. 

[00011] The above objects are met by a digital sensor for monitoring 
the wear of the lining material of disc brakes. The sensor is to be attached at 
the end of an adjustment shaft of an adjusting mechanism for adjusting the 
position of brake pads in relation to the brake disc. The sensor comprises at 
least two code parts. One code part is rotated continuously by rotation of the 
adjustment shaft. The code part rotating continuously is a code wheel. The 
other parts are one or more sliding parts in the form of a code rack, a sleeve 
etc. which is moved in a linear fashion and/or one or more code wheels. 

[00012] As the digital sensor of the present invention is to be placed at 
the end of the adjustment shaft, it is easy to adapt it to existing brakes and to 
mount it on brakes already mounted in a vehicle. 

[00013] Due to the position of the digital sensor it is readily available 
for service and other maintenance. Furthermore, it is placed at a relatively 
large distance from the high temperatures generated during braking. The high 
temperatures are generated in the contact between the brake pads and the 
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brake disc(s). Thus, it is less risk of malfunction due to excessive 
temperatures. Digital sensors are generally less sensitive to different 
disturbances, such as variations of temperature, pressure etc. than other 
types of sensors. Furthermore, the sensor has minimal effect on the 
adjustment mechanism, as the movement of the code parts is given without 
any excessive force needed. 

[00014] The sensor of the present invention is possible to use with any 
disc brake having an accessible adjustment shaft. As the exact design of the 
disc brake as such is of no importance for the present invention it will not be 
described here. However, the sensor element of the present invention is 
mainly intended for pneumatically or electromechanical^ actuated d.sc 
brakes. 

[00015] Further objects and advantages with the present invention will 
become apparent for a person skilled in the art, when reading the detailed 
description below of presently preferred embodiments of the invention. 

Rrigf rteficri ption of t he Drawings 

[00016] The invention will be described more closely below by way of 
examples and with reference to the enclosed drawings. In the drawings: 

[00017] Fig. 1 is a schematic view of a first sensor according to the 
present invention; 

[00018] Fig. 2 is a side view of the sensor of Fig. 1 ; 

[00019] Fig. 3 is a schematic view of a second example of a sensor 
according to the present invention; 
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[00020] Fig. 4 is a schematic view of a further example of a sensor 
according to the present invention; 

[00021] Fig. 5 is a sectional view showing the sensor of Fig. 4 
mounted at an adjustment shaft of a disc brake; 

[00022] Fig. 6 is a schematic view of yet a further example of a sensor 
according to the present invention; and 

[00023] Figs. 7 to 9 are schematic views of further alternative 
embodiments of the present invention. 

ngtailftd Description of Preferre d Embodiments 

[00024] The sensor element of the present invention as shown in Figs. 
1 and 2 consists of a code wheel or disc 2 and a code rack 3. The code rack 3 
is used to count the number of turns of the adjustment shaft and the code 
wheel 2 is used to determine the position on the actual turn. 

[00025] The elements of the digital sensor are normally placed in a 
housing, which housing is omitted from the Figs. 1 and 2 for clarity reasons. 

[00026] The sensor element of the present invention is to be placed at 
the end of an adjustment shaft (not shown) of a disc brake. In the embodiment 
of Fig. 1 a connection part 1 is used for connection to the adjustment shaft. 
The form of the connection part 1 is adapted to the form of the end of the 
actual adjustment shaft and may be formed to be received in a recess at the 
end of the adjustment shaft. A person skilled in the art realises that the 
connection part of the sensor element may have many different forms, 
depending on the form of the shaft. The connection part may e.g. have the 
form of a nut, a cap or the like placed over the end of the adjustment shaft. In 
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many brakes the adjustment shaft is drivingly connected to a further shaft (not 
shown), which further shaft may be used to reset the adjustment mechanism. 

[00027] In the embodiment of Figs. 1 and 2 a code wheel 2 and a code 
rack 3 are placed facing a PCB (printed circuit board) 4. The code wheel 2 is 
fixed to the adjustment shaft of the disc brake by means of the connection 
part 1 . As the code wheel 2 is fixed to the adjustment shaft, it will rotate as the 
adjustment shaft rotates. The PCB 4 is supported in a fixed way and, thus, will 
not rotate. A person skilled in the art realises that the PCB 4 may be 
supported in many different ways. The code rack 3 will move one step for 
each turn of the adjustment shaft or code wheel 2. Different examples of how 
to accomplish this are described below. 

[00028] On the side of the PCB 4 facing the code wheel 2 and the rack 
3, there are a number of detectors 5, 6. In the shown embodiment there are 
four detectors 5, 6 for each of the wheel 2 and rack 3, respectively. The 
number of detectors 5, 6 is decisive for the accuracy of the measurements. A 
person skilled in the art realises that the number of detectors may vary and 
that the number of detectors 5, 6 are related to the number of paths of codes 
on the code wheel 2 and the code rack 3, respectively. The codes on the code 
wheel 2 and rack 3 are of binary type. 

[00029] The code wheel 2 has a number of circular paths, where each 
path is placed in a position relating to one detector 5, placed on the PCB 4. 
The code rack 3 has a number of linear paths in positions related to detectors 
6, placed on the PCB 4. A person skilled in the art realizes that many different 
types of codes may be used. The code may be a so-called Graycode, i.e. only 
one bit position changes its value between two adjacent numerical values. 
The paths may be formed of a number varying areas, e.g. every second area 
is dark the other light, every second area is a hole the other no hole or every 
second area is a magnet and the other no magnet etc. An embodiment using 
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magnets will be discussed below. The numbers of areas in each path varies, 
in order to form different binary numbers when the detectors read the actual 
value in the area placed opposite each detector. This is known to a person 
skilled in the art and will not be further discussed here. 

[00030] As stated above the codes may be alternating dark and light 
areas detectable by means of the detectors 5, 6, if they are of optical type. It 
is also possible to use holes or no holes, which is also detectable by means of 
optical detectors. If necessary a light may be placed on the opposite side of 
the code wheel 2 and rack 3 when the codes are of the type holes or no 
holes. The optical detectors as such are known to persons skilled in the art 
and will not be further discussed here. 

[00031] The detectors 5, 6 are preferably placed on the PCB 4. The 
PCB 4 has circuitry to calculate the actual wear of the lining material of the 
brake pads based on the signals received from the detectors 5, 6. The signals 
from the detectors 5, 6 are related to the rotation of the adjustment shaft of 
the disc brake. The information from the PCB 4, regarding wear of the brake 
pads is normally given to the driver by means of the existing electronics of the 
vehicle. The information of the wear may be used both to give a warning to 
the driver that the thickness of the lining material is becoming hazardously low 
and to indicate the estimated driving distance before the next brake pad 
change. 

[00032] As stated above, in an alternative embodiment the codes are 
given by magnets 7, 8 placed in paths on the sides of the code wheel 2 and 
code rack 3 facing the PCB 4. The magnets 7, 8 are placed in circular paths 
on the code wheel 2 and linear paths on the code rack 3. In this case the 
detectors 5, 6 of the PCB 4 are magnetic sensors facing the code wheel 2 and 
rack 3, respectively. The magnetic sensors, which may be hall effect sensors 
or magnetoresistive sensors, detects the position of the magnets 7, 8. The 
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number of paths of magnets 7, 8 corresponds to the number of sensors. In the 
same way as stated above the PCB 4 has circuitry to process the rece.ved 
information from the sensors and present a value of the wear of the brake 
pads of the disc brake. 

[00033] In Fig. 1 one example of transfer of the rotation of the code 
wheel 2 to the rack 3 is indicated. As stated above the code wheel 2 will rotate 
with the adjustment shaft. The code rack 3 is drivingly connected to a f.nger 9 
on the outer circumference of the wheel 2. The finger 16 of the code wheel 2 
is co-operating with teeth 10 on one side of the code rack 3. When the 
adjustment shaft and thus, the code wheel 2 rotates, the finger 9 of the code 
wheel 2 will move the code rack 3, as long as the finger 9 is in contact w.th a 
tooth 10 of the code rack 3. When the code wheel 2 continues to rotate the 
finger 9 will leave the contact with the teeth 10 of the rack 3 until the wheel 2 
has rotated almost one turn. Then the finger 9 once again will go into contact 
with one tooth of the code rack 3. For each turn of the code wheel 2, and thus 
the adjustment shaft, the code rack 3 will be moved a length correspond^ to 
one tooth. Thus, the rotational movement of the code wheel 2 will be trans- 
ferred to a linear movement of the code rack 3. A person skilled in the art 
realises that any suitable means for transferring the circular movement of the 
wheel 2 to an intermittent movement of the rack 3 may be used. Furthermore, 
a person skilled in the art realises that the code wheel and rack may have 
designs that differ from the design of the embodiment shown in the enclosed 
Figs. 1 and 2. 

[00034] Below a number of further examples of digital sensors will be 
described in connection with the Figs. 3 to 9. As the principles of the 
movements of the different sensor parts and the way the PCB operates is 
similar to what has been described above, in connection with Figs. 1 and 2, it 
will not be repeated in full below. 
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[0 0035] In the embodiment of Fig. 3 the sensor is attached to the 
adjustment shaft by means of a connection part 18. A code wheel 13 is fixed 
to the connection part 18 and will follow in the rotation of the connection part 
18 and thus the adjustment shaft. In the same manner as described above 
the code wheel 13 has a number of paths of codes, on the side facing a PCB 
14. The PCB 14 is fixed in such a way that the connection part 18 will rotate in 
relation to the PCB 14. 

[00036] The connection part 18 extends above the PCB 14 and the 
extended part is received in a slot 37 of a sleeve 15. The sleeve 15 has the 
same function as the rack described for the previous embodiment. The 
extended part of the connection part 18 has a finger 16 for co-operation with 
teeth 38 arranged on one side of the slot 37 of the sleeve 1 5. The sleeve 1 5 is 
moved intermittently in its axial direction by the co-operation between the 
finger 16 and the teeth 38 of the sleeve 15. Thus, the sleeve 15 will be moved 
one step for each revolution of the connection part 18, and thus the 
adjustment shaft. Also the sleeve 15 has a number of paths of codes on the 
side facing the PCB 14. 

[00037] In an alternative embodiment (not shown) the adjustment shaft 
is extended and replaces the connection part 18. In all other aspects this 
alternative embodiment corresponds to the above embodiment of Fig. 3. 

[00038] In Fig. 3 a recess 17 for receiving a tool is shown. By means 
of said recess 17 and tool the adjustment mechanism may be returned to its 
original position after a change of brake pads. Thus, the adjustment 
mechanism may be returned to the starting position without disassemble of 
the digital sensor. In other embodiments there is no recess 17. but the 
adjustment mechanism is restored by means of a reset shaft, normally 
furnished. 
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[00039] The embodiment shown in Figs. 4 and 5 resembles the 
previous embodiments in many ways. The sensor has a connection part 19 to 
be connected to the end of an adjustment shaft. Furthermore, a code wheel 
20 is fixed to the connection part 19 in such a way that the code wheel 20 will 
follow in the rotation of the connection part 19. In the shown embodiment the 
code wheel 20 is integrated part with the connection part 19. On a side facing 
a PCB 21 the code wheel 20 has a number of paths of codes for co-operation 
with detectors 36. 

[00040] An extension 42 of integrated code wheel 20 and connection 
part 19 is received in a slot of a sleeve 22. The sleeve 22 has a number of 
paths of codes facing detectors 24 on the PCB 21 . At the end of the extension 
42 a finger part 23 is arranged for co-operation with teeth at one side of the 
sleeve 22. The sleeve 22 will be moved intermittently one steep for each 
revolution of the connection part 19. On the outside of the toothed part of the 
sleeve 22 a clamp 25 is arranged, biased by means of a spring 26 towards 
the teeth of the sleeve 22. The clamp 25 is guided in a suitable recess of the 
housing 40 of the sensor. By means of co-operation between the clamp 25 
and the sleeve 22 the intermittent movement of the sleeve 22 is controlled in 
an effective way. 

[00041] In Fig. 5 the digital sensor of Fig. 4 is shown mounted at an 
adjustment shaft 11 of a disc brake. The caliper 12 of the disc brake is also 
shown. The sensor is received in a housing 40 placed in an opening of the 
caliper. A lid 41 covers the outer end of the housing 40, which housing 40 and 
lid 41 are fixed to the caliper 12 by means of screws 39. The connection part 
19 of the sensor is received in a recess at the end of the adjustment shaft 1 1 . 
Thus, the connection part 19 will rotate when the adjustment shaft 11 rotates. 

[00042] The PCB 21 is fixed to the housing 40 and the extension 42 is 
received in an opening of the PCB 21 . In the shown embodiment the PCB has 
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four detectors 24 directed toward four paths of codes on the sleeve 22 and 
three detectors 36 directed towards three paths of codes on the code wheel 
20. 

[00043] Even tough the assembly of the sensor of Fig. 4 is shown in 
Fig. 5 a person skilled in the art realises that all the different sensors 
described in this description may be assembled in a similar fashion. In which 
case the design of the housing and possible further parts is adapted to the 
actual sensor. 

[00044] In Fig. 6 a further example of a sensor according to the 
present invention is shown. In this example a connection part 27 is to be 
connected to an adjustment mechanism. At the end of the connection part 27 
a code wheel 29 is arranged, which code wheel 29 has a number of paths of 
codes (not shown) facing a PCB 30. Furthermore, a finger 28 is arranged at 
the junction between the connection part 27 and the code wheel 29, which 
finger is to co-operate with teeth (not shown) on a sliding part 31. The finger 
28 will move the sliding part 31 intermittently one step for each revolution of 
the wheel 29. On the side facing the PCB 30 the sliding part 31 has a number 
of paths of codes co-operating with detectors 35 placed on the PCB 30. 

[00045] A clamp 32 is arranged to slide over teeth 43 when the sliding 
part 31 moves. The clamp 32 is biased towards the teeth 43 by means of a 
spring 33. The clamp 32 is guided between two guide rolls 34. 

[00046] A person skilled in the art realises that the different features of 
the shown embodiments may be varied in many different ways. Thus, it is e.g. 
possible to exchange parts of the example of Fig. 6 with parts of the example 
of Fig. 4. 
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[00047] To simplify the description only the different code elements 
are shown in the Figs. 7 to 9, but a person skilled in the art realises that the 
sensors also has detectors, PCB etc. in the same way as the embodiments 
described above. A person skilled in the art also realises that the number of 
code parts may exceed two. In the embodiments schematically shown in Figs. 
7 and 8 the sensor comprises three code elements. 

[00048] In the embodiment of Fig. 7 a first code wheel 44 is attached 
to the adjustment shaft or is driven indirectly of the adjustment shaft. The first 
code wheel 44 is drivingly connected to a second code wheel 45 and a code 
rack 46. The second code wheel 45 has teeth 45 meshed with teeth (not 
shown) on the first code wheel 44. The number of teeth 45 of the first and 
second code wheels 44, 45 is such that the second code wheel 45 will rotate 
about half a turn for each turn of the first code wheel 44. Furthermore, the first 
code wheel 44 or the adjustment shaft is furnished with a finger to drive the 
code rack 46 intermittently, by means of teeth 49 of the code rack 46. The 
code rack 46 is moved one step for each turn of the first code wheel 44. Thus, 
the wear of the brake linings will be indicated of the positions of the three 
code elements 44, 45, 46. A guide wheel 47 of a guiding means to control the 
movement of the rack 46 in the same way as indicated above for other 
embodiments is shown in Fig. 7. 

[00049] In Fig. 8 a further example of an embodiment according to the 
present invention is indicated. In this embodiment three code elements are 
used, which are one code wheel 50 and first and second code racks 51 and 
52, respectively. Both the first and the second code rack 51 , 52 have teeth 53, 
54' facing the code wheel 50 and adjustment shaft. Furthermore, guiding 
means 55, 56 are arranged to control the movement of the racks 51 , 52. The 
code wheel 50 is driven by means of the adjustment shaft. Often the code 
wheel 50 is attached directly to the adjustment shaft. The code wheel 50 or 
the adjustment shaft is furnished with a finger to drive the code racks 51, 52 
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intermittently. The finger goes into contact with the teeth 53, 54 of each code 
rack 51 , 52 and will move each code rack 51 , 52 one step for each turn of the 
code wheel 50. Also in this case the positions of the three code elements 50, 
51 , 52 indicate the wear of the brake linings. The racks 51 , 52 are also 
furnished with guiding means 55, 56. 

[00050] In the embodiment of Fig. 9 two code elements in the form of 
a first and second code wheel 57, 58 are used. The first code wheel 57 is 
driven by the adjustment shaft in the same way as for the other embodiments. 
The first code wheel 57 has teeth 59 meshing with teeth 60 of the second 
code wheel 58. In the shown embodiment the number of teeth 59 of the first 
code wheel 57 is 12, while the second code wheel 58 has 13 teeth 60. Thus, 
the second wheel 58 will not rotate a full turn for each turn of the first wheel 
57. The exact number of teeth 59, 60 of the two wheels 57, 58 may vary. It is 
also possible to let the second code wheel 58 have a slightly higher number of 
teeth 60, in which case it obviously will rotate somewhat more than one turn 
for each turn of the first code wheel 57. In this case the code wheels 57, 58 
are normally furnished with Graycode. Thus, the code is such that it does not 
repeat itself during the totally about 1 3 turns of the adjustment shaft and, thus 
the first code wheel 57. This is achieved in that the two code wheels 57, 58 
are rotating with slightly different speeds. The two code wheels 57, 58 are 
rotating with different speeds and the codes are placed such that they will 
change all the time on both wheels 57, 58. It is the position of the two code 
wheels 57, 58 that indicate the wear of the brake linings. 

[00051] As stated above it is possible to use different kinds of code 
elements and sensors. One further example is to have sliding contacts such 
as on mechanical encoders. The paths will then be placed at a wheel and 
rack in the same way as indicated above. 
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[00052] The PCB 14, 21, 30 of Figs. 3 to 6 contains circuitry in the 
same way as described above for the example of Figs. 1 and 2. Thus, the 
circuitry of the PCB 14, 21, 30 is used to control the respective sensor and to 
give appropriate warning to the driver. 

[00053] When the lining material has been worn out and new brake 
pads are to be inserted, the adjuster mechanism is returned to a starting 
position. The starting position is adapted to the thickness of the new brake 
pads. The adjuster mechanism is normally returned by means of a reset shaft. 
Rotation of the reset shaft will also rotate the adjustment shaft. By the 
resetting of the adjuster mechanism the sensor element is automatically 
brought back to its starting position. Thus, no special calibration is normally 
needed after insertion of new brake pads. 

[00054] However, it is also possible to calibrate the sensor by hand, in 
which case the sensor first has to be disassembled. 
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